In 1869, Thomas Ashworth, an Australian physician, for the first time observed the cells which are morphologically identical to cancer cells in the blood circulation of metastatic cancer patients. Today, these cells are known as circulating tumor cells (CTCs). [1] Since most cancer deaths are associated with metastases, there is a need to study the exact mechanism of this cancer spread.
Until recently, primary biopsy has been the basis of cancer diagnosis, as it has been difficult to develop a research or diagnostic test based on Thomas Ashworth's finding. The major reason for this is the extremely small number (6) (7) (8) (9) (10) of CTCs in the bloodstream, and their heterogeneity affecting their cell surface markers in isolation. However, tissue biopsies have limited effectiveness as a diagnostic tool because they are invasive and not suited to repeated sampling; biopsies also cannot monitor the treatment of metastatic cancer patients during therapy. Analysis of CTCs analysis is non-invasive and can be carried out easily in combination with available liquid biopsies such as blood and body fluids of metastatic cancer patients. Multiple samples can also be made available to monitor treatment protocols of metastatic cancer patients during therapy. In addition, CTCs analysis allows clinicians to monitor disease progression over a period of time and provide appropriate treatment modification in a patient's therapy, thus improving the patient's prognosis and quality of life.
Dr. Pravin D. Potdar's present interest is to study molecular profiling of circulating tumor cells (CTC), circulating tumor DNA, cancer associated fibroblasts and cancer stem cells involved in metastatic process of cancers, and to see how this process can be reverted back to normal by using innovated technologies which include nanotechnology and nanomedicine.
The CTCs are simply shredded tumor cells from the original tumor which enter blood circulation and form secondary tumor growth at several sites, featuring the suitable environment shown in Figure 1 . The CTCs are large cells with large nuclei and a granular cytoplasm with a very specific spike-like appearance on the surface of each cell. [2] It is presumed that these spike-like processes help these cells to adhere to blood vessels and promote the metastatic, invasive progress of cancer.
The CTCs are confirmed to be cancer cells with expressed cytokeratin (CK) as a marker for the epithelial origin of tumors, but these cells do not express a CD45 marker indicating that they do not have a hematopoietic origin. [3] During the cancer metastatic process, CTCs undergo several epithelial mesenchymal transitions (EMT) and lose their CK and epithelial cell adhesion molecule (EpCAM) molecule on their surface. These CTCs may be considered resistant to chemo-and radiotherapies and are suggestive of highly metastatic tumors. Often, CTCs are found in clusters. These clusters have cancer-specific biomarkers indicative of increased metastatic risk and poor prognosis. [4] 
CTCS AND SOLID TUMOR MALIGNANCIES
As circulating tumor cell analysis is a non-invasive process, it is very useful in diagnosis and monitoring of solid tumor malignancies. Most solid tumors such as breast, ovarian, lung, prostate, pancreatic, and colon cancers are mainly developed inside the body and many times are only diagnosed at the last stage of cancer development. Such tumor analysis can presently be done by tissue biopsies which are invasive and cannot be repeated at intervals for monitoring cancer therapies. Liquid biopsies can be available at any time during chemo-or radiotherapy treatment and can help clinicians in understanding the response of drug therapies, which can be altered in individual cancer patients as per their response to treatment. Therefore, CTCs analysis is useful in diagnosis and management of therapies of solid tumor malignancies, as shown in Figure 2 .
ENUMERATION OF CTCS IN CANCER DIAGNOSIS AND THERAPIES
Enumeration of CTCs has great importance in prognostic and therapeutic cancer treatment; however, due to the very small number of CTCs in blood circulation, these cells are difficult to isolate and quantitate accurately. So far it has been reported that only 0.01% cells are present in metastatic cancer patients and the frequencies of circulating tumor cell vary from 1 to 10 cells/mL of whole blood in patients with metastatic cancer. So far, CTCs have been detected in several epithelial cancers including breast, prostate, lung, and colon cancer, as shown in Figure 2 . Similarly, enumeration of CTCs can describe the level of metastatic potential in malignant tumors and suggest the appropriate treatment to manage this disease.
Another major problem in isolation of CTCs is the change in their surface markers during the EMT phase. Many CTCs lose their surface CK19 and EpCAP proteins during EMT and thus it is very difficult to use even the FDA-approved "Cell Search Kit" in this situation. [5] It has been generally observed that most CTCs enter into the EMT phase in highly metastatic It is a very important task for cancer scientists to establish a precise method for isolation of CTCs from liquid biopsies, taking into consideration their EMT phase and surface marker alterations during metastatic process.
MOLECULAR PROFILING OF CTCS
The CTCs can undergo a variety of changes during the metastatic process and show heterogeneous characteristics, causing difficulties in giving proper treatment to cancer patients. Therefore, there is a need to well characterize these isolated cells by gene expression profiling. Molecular profiling of CTCs is therefore an integral part of CTCs analysis and provides accurate phenotypes of these cancer cells. [6] So far it is well established that certain genes are upregulated, downregulated or mutated in several solid tumor malignancies and their analysis can help in proposing targeted therapies to treat many of these cancers. A major phenomenon seen in CTCs in metastatic cancer is their transformation during EMT transition. During the EMT process, CTC cells go through several modifications at both cellular and molecular levels. [7] There is downregulation of E-cadherin genes and upregulation of TWIST1 and TWIST1 genes. In addition, there is an upregulation of extracellular matrix proteins such as vimentin and fibronectin which are responsible for invasive processes. [8] The CTCs are extensively studied in the diagnosis and treatment of breast cancer. Molecular profiling of CTCs shows the progression of breast cancer and its response to therapy. [9] Swaby et al. [10] have described HER2-breast cancer patients with HER2+ CTCs who were given a trastuzumab-based therapy. This led to a considerable revision in their treatment protocol and proved that CTCs profiling is very important in identification of the most useful therapy in HER2-breast cancer patients. The CK19 and TP53 gene mutation can also reveal the metastatic potential of triplenegative breast cancer patients. In prostate cancer, expression of the fusion of TMPRSS2 and ERG genes and downregulation of PTEN have been shown to be responsible for cancer causation. [11] Schölch et al. [12] have discovered a KRAS mutation in the CTCs of CRC patients whose primary tumor was KRAS wild-type, suggesting that the sequence analysis of CTCs can better discover the presence of KRAS mutation.
Treatment of other cancers can also benefit from CTCs analysis. This analysis is especially useful in lung cancer because repeated biopsies are not possible in these patients. Evaluating mutations on exon 19 and 21 of the EGFR gene are the prime determinant for drug-based therapies in lung cancer. In addition, mutations such as T790M, EML4-ALK rearrangement, BRAF, KRAS, HER2, PIK3CA/AKT1, ROS, FGFR1, and MET can all be studied for lung cancer treatment. [13] Overexpression of H-RAS oncogene and mutations in FGR-R genes in CTCs can be considered as a diagnostic marker in bladder cancer. Similarly, TWIST and vimentin are considered as diagnostic markers for hepatocellular carcinoma. Häfner et al. [14] have isolated CTCs from metastatic cervical cancer patients and evaluated levels of HPV16-E6 mRNA by real-time PCR, as a more sensitive molecular marker than CK19 mRNA. At the same time, Kuhlmann et al. [15] have shown that ERCC1+ CTCs can predict platinum resistance therapy in ovarian cancer. Overall, it seems that molecular profiling of CTCs is becoming a popular tool for diagnosis and therapies of solid tumor malignancies.
CLINICAL APPLICATIONS OF CTCS ANALYSIS
Recently, analysis of CTCs in the blood of metastatic cancer patients has received enormous attention because of its very important clinical applications in personalized medicine. [16] Several investigators have studied CTCs derived from breast cancer patients for diagnosis and treatment of breast cancer. They have shown direct correlation of CTCs with disease prognosis and survival, and shown that the greater the number of CTCs, the lower the chances of survival. The CellSearch ® system, FDA-approved, is most commonly used for enumeration of CTCs in these experiments, which are mainly based on positive expression of EpCAM and CK protein on the surface of these cells. [17] However, this may limit the selection due to the EMT transition process undergoing in CTCs during the metastatic process of cancer, in which there is a downregulation of EpCAM surface protein. The CTCs values are measured before and after chemoor radiotherapies and treatment can be determined by greater or lesser CTCs counts in patients. Peeters et al. [18] have shown that patients with more than 80 CTCs in 7.5 mL blood died within one year following diagnosis of metastases. [18] CTCs analysis is very much useful in understanding stages of various cancers. Overall this suggests that CTCs enumeration and molecular profiling with proper follow-up can determine the aggressiveness of cancers, which could help clinicians decide more efficacious and targeted treatments for management of metastatic cancer patients.
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